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FIG. 10A
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GUTTER SPACE PADDING FOR TEXTURE
ATLASES

BACKGROUND

Synthetic scene rendering operations, such as used 1n
game models, may use a texture atlas to supply detail for
object surfaces, without having to model the detail as
independent objects. This can improve the rate at which
frames are generated, enabling creation modification, and
navigation through synthetic scenes in real-time. A common
form of a texture atlas places multiple regions of texture
information in the form of texture pixels (referred to as
texels) 1n a single bitmap file. The regions may be referred
to as UV shells, because they are specified using U and V
texture coordinates. Within the texture atlas bitmap, the
blank regions between the UV shells 1s often referred to as
the gutter. The portion of the atlas used by the gutter
(referred to as gutter space) may be set, at the time the atlas
1s created, as a solid color such as white, gray, or black.

A synthetic or virtual three-dimensional (3D) object may
be defined using a mesh of polygons, often triangles. The
vertices of the polygons often contain UV coordinates which
are used to specily the particular texel to use when rendering
the object in a scene. The two-dimensional (2D) texture
from the atlas 1s then be stretched over a 3D mesh. Although
any polygons may be used for an artist to create a synthetic
3D object, triangles are a common choice for rendering
meshes because many hardware arrangements e.g., graphics
cards) are optimized for triangles. When a 3D model 1s
imported into a rendering game engine, and polygons are
converted 1nto triangles, some of the triangles may have
sub-optimal shapes that result 1n poor rendering.

When an object 1s rendered for an up-close or near-field
view, 1t may use the highest resolution of the mesh. How-
ever, when the object 1s rendered at a relatively far virtual
distance or the object 1s moving quickly across the scene so
that loss of detail may not be noticeable by a user, the highest
resolution of the mesh may not be needed, and the mesh may
then be downsampled. Downsampling may also occur, even
when the loss of detail may be noticeable, if the frame rate
drops below some threshold, and might result in scene
motion that appears hesitant and jerky to a viewer. A

level-of-detail (LOD) model 1s a lower-resolution version of

a synthetic object that may be rendered more quickly. LODO
typically refers to the highest level of detail; while LODI1 1s
the first lower level of resolution; LOD?2 is the next lower
level of resolution; and so on. A common LOD scheme may
drop resolution by 50% for each level, for example from
2048 pixels to 1024, then to 512, then to 256, etc. Diflerent
LLODs may use diflerent texels, to prevent distracting arti-
facts that may occur with common nearest-neighbor or
averaging downsampling operations. If different texels are
used for the different LODs, the set of UV shells corre-
sponding to the differing LODs may be referred to as
mipmaps.

SUMMARY

The disclosed examples are described in detail below with
reference to the accompanying drawing figures listed below.
The following summary i1s provided to illustrate some
examples disclosed herein. It 1s not meant, however, to limait

all examples to any particular configuration or sequence of

operations.
Some aspects and examples disclosed herein are directed
to rendering a surface 1 a synthetic scene comprises:

10

15

20

25

30

35

40

45

50

55

60

65

2

receiving a texture atlas into the medium, the texture atlas
comprising a first UV shell, a second UV shell, and gutter
space; receiving a mesh mnto the medium, the mesh com-
prising a plurality of polygons; determining whether a
projection of a first polygon of the mesh onto the texture
atlas, that includes a portion of the first UV shell, also
includes a first portion of gutter space; and based at least on
determining that the projection of the first polygon includes

the first portion of gutter space, padding the first portion of
gutter space with texels from the second UV shell.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed examples are described in detail below with
reference to the accompanying drawing figures listed below:

FIGS. 1A-1D illustrate example renderings of a virtual
object using a texture atlas;

FIGS. 2A-2D provide example annotations for the 1llus-
trations of FIGS. 1A-1D;

FIGS. 3A-3D illustrate various aspects of an example
rendering operation using a texture atlas;

FIGS. 4A-4B 1llustrate aspects of an example rendering
operation using a texture atlas and edge padding 1n the gutter
space;

FIGS. 5A-5B 1illustrate aspects of an example rendering
operation using a texture atlas and a first form edge padding
in the gutter space;

FIGS. 6A-6B illustrate aspects of an example rendering
operation using a gutter space improvement for texture
atlases;

FIGS. 7TA-7B illustrate aspects of an example rendering
operation under extended operating conditions;

FIGS. 8A-8C illustrate an example set of adjoining
regions 1n two dimensions (2D);

FIGS. 9A-9C illustrate an example set of adjoining
regions 1n three dimensions (3D);

FIGS. 10A-10B are flow charts illustrating exemplary
operations involved 1in rendering a surface in a synthetic
scene using a texture atlas; and

FIG. 11 1s an exemplary block diagram illustrating an
operating environment for a computing device suitable for
implementing various aspects of the disclosure.

Corresponding reference characters indicate correspond-
ing parts throughout the drawings.

DETAILED DESCRIPTION

The various embodiments will be described 1n detail with
reference to the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts. References
made throughout this disclosure relating to specific
examples and implementations are provided solely for 1llus-
trative purposes but, unless indicated to the contrary, are not
meant to limit all examples.

Systems and methods are disclosed for rendering a sur-
face 1n a synthetic scene using a gutter space improvement
for texture atlases. Gutter space adjacent to UV shells may
be padded with texels from the UV shells used for neigh-
boring surfaces, rather than merely extending the interior
texels. The result 1s that distracting artifacts, caused by mesh
downsampling that produces sub-optimal polygon shapes
and vertex placement may be mitigated. The resulting ren-
dering, manifesting lessened artifacts, may appear to be less
impacted by downsampling, and thus improve the experi-
ence for the viewer or other synthetics data consumer. The
improvement may be used 1n rendering for human users and
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also training neural networks 1n computer vision tasks, such
as object detection and recognition. Further, the padding as
described herein improves the functioning of a computing
device by using less computing resources (e.g., memory and
processing) by enabling consumption of suitable down-
sampled 1mages. As such, the disclosure operates 1n an
unconventional manner to enable improved rendering by
padding the gutter space 1 a texture atlas as described
herein, thereby improving the user experience, among other
things.

When an object 1s rendered with a higher-order level-oi-
detail (LOD) (e.g., lower resolution), there may be distract-
ing artifacts resulting from the vertices of the mesh falling
outside of a UV shell, or part of a polygon including gutter
space adjacent to a concave region of a UV shell (e.g., when
the detail of the concavity 1s lost in the lower resolution). In
these situations, the pixels from the gutter space may then be
mapped into the rendering of the aflected polygons.

Mipmaps are used as 1n some rendering arrangements
because, when rendered resolution 1s below the texel reso-
lution, texel downsampling 1s needed. This 1s different than
downsampling the mesh. Unfortunately, common fast texel
downsampling methods, such as nearest neighbor or aver-
aging, produce distracting non-linear eflects, perceived as
shimmering or unfavorable colors by viewers. When mip-
maps are automatically generated, if the mipmaps are any-
thing but perfectly rectangular, with the pixel dimensions
being exactly an integer power of two, then the texel
downsampling includes gutter pixels. The gutter space pix-
¢ls thus bleed into the rendering when generating mipmaps

Thus, gutter space pixels can bleed into the rendering of
texels 1 two situations: (1) when the downsampled mesh
maps to an area outside a UV shell, and (2) when generating,
mipmaps. The result, whichever the cause, may be a notice-
able artifact that 1s distracting to the viewer whenever the
gutter space properties are inconsistent with the aflected
texels. One way to alleviate the impacts of this phenomenon
1s to pad the gutter space.

Edge padding around a UV shell forms a “skirt” of pixels
that results 1n producing better texels than the blank, single-
color default gutter pixel color. This requires, however, that
suilicient space 1s reserved between UV shells to allow for
padding. Aspects of the disclosure reserve suflicient gutter
space around each UV shell to allow for the maximum
dimension of padding that may be needed. One approach 1s
to use a fixed number of pixels or a number that 1s based on
the dimensions of the atlas. For example, a padding width
may be Vi2sth the pixel dimensions of an atlas, so that
2048x2048 reserves 16 pixels 1n each direction past the edge
of a UV shell, 1024x1024 reserves 8 pixels, 512x512
reserves, 4 pixels, and 256x256 or smaller reserves 2 pixels.
The gutter space should be wide enough to accommodate the
padding reservations between adjacent texels, which would
be Ysath of the atlas dimensions, using the padding width
approach described. For adjacent texels of the same size, the
gutter space width between the texels should be twice the
padding reservation; padding may then go out to half the
gutter space width 1n such an arrangement. The padding, as
described herein, 1s implemented in a manner that minimizes
artifacts resulting from downsampling and possible sub-
optimal polygon shaping and vertex placement.

FIGS. 1A-1D illustrate renderings of a virtual object
using a texture atlas, and FIGS. 2A-2D provide annotations
tor the i1llustrations of FIGS. 1A-1D. FIGS. 1A-2D should be
viewed together. FIGS. 1A and 2A show a high resolution
rendering of an object 102 that comprises a cone 202a sitting,
atop a closed-top cylinder 204a, which 1s sitting on a circular
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disk base 206a. FIGS. 1B and 2B show a reduced resolution
rendering 104 of object 102. To better illustrate the advan-
tages of the disclosure, the resolution has been drastically
reduced. Cone 202a now 1s modeled by a set 2025 of only
two triangles, and thus has lost 1ts characteristic shape.

The two triangles of the mesh (set of triangles 2025) have
a vertex that extends past the original edge of cone 2024, and
extend virtually into cylinder 204a, which 1s shown with a
lower resolution rendering 2045. Because the vertex of set
of tnnangles 2026 extends past the edge of cone 202a, the
mapping of the texture atlas, illustrated 1n more detail in
FIGS. 4A and 4B, for cone 202a includes pixels from the
gutter space of the texture atlas. No padding 1s used, and
because the gutter space 1s white, a white region, devoid of
the texture of either cone 202qa or cylinder 204a, 1s apparent
in indicated region 21256. As described above, when a vertex
of a mesh falls outside of a UV shell, artifacts may result.
Indicated region 21256 provides an example.

Also as described above, artifacts may appear when part
of a polygon includes gutter space adjacent to a concave
region of a UV. The intersection of lower resolution render-
ing 2045 of cylinder 204a with lower resolution rendering
206b of circular disk base 2064 1llustrates this phenomenon
with idicated regions 2146 and 21654. In indicated regions
214H and 2165b, the artifacts result from polygons on the
concave (interior) border of lower resolution rendering 20656
including pixels from gutter space inside the UV space
corresponding to circular disk base 2064, also 1llustrated 1n
more detail in FIGS. 4A and 4B.

FIGS. 1C and 2C show a reduced resolution rendering
106 of object 102, although with edge padding that extends
the interior of the texel region past the original borders of the
UV shells. More detail 1s shown on this method 1n FIGS. SA
and SB. Cone 202q 1s modeled by a set 202¢ of only two
triangles, and thus has lost 1ts characteristic shape. Triangle
set 202¢ 1s shaped similarly to set 2025 (of FIG. 2B), but 1s
instead rendered using texel padding. Indicated region 212c¢
thus 1s filled with texels of cone 2024, rather than white
gutter space. Although this may be an improvement over
indicated region 21256 (of FIG. 2B), it improperly extends
the texture of cone 202a beyond the proper boundary. This
may be noticeable by some viewers, and may be unpleas-
antly distracting. One possible negative scenario may result
in the improper training of computer vision artificial intel-
ligence (Al), if the neural network trains on 1mages con-
taining artifacts that will not occur in real-world 1magery
collections. Indicated regions 214¢ and 216¢, disposed at the
intersection ol lower resolution rendering 204¢ of cylinder
204a with lower resolution rendering 206¢ of circular disk
base 206a, do not show white gutter space pixels, but the
padding does highlight the block-like nature of the lower
mesh resolution.

FIGS. 1D and 2D show a reduced resolution rendering
106 of object 102, although using a gutter space improve-
ment for texture atlases as described herein. Gutter space
adjacent to UV shells 1n this example 1s padded with texels
from the UV shells used for neighboring surfaces, rather

than extending the interior texels like the renderings of
FIGS. 1C and 2C. More detail 1s shown on this method 1n

FIGS. 6A and 6B. Cone 202q 1s modeled by a set 2024 of
only two triangles, as with the other reduced resolution
renderings. Triangle set 202¢ 1s shaped similarly to sets 20256
and 202¢ (of FIGS. 2B and 2C), but yet keeps the proper
boundary of cone 202a and masks the negative conse-
quences of a mesh vertex lying outside the UV shell for cone
202a. Additionally, indicated regions 21424 and 2164, dis-

posed at the intersection of lower resolution rendering 2044
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of cylinder 204a with lower resolution rendering 2064 of
circular disk base 2064, at least somewhat mask the block-
like nature of the lower mesh resolution.

It 1s therefore now possible to present the viewer with the
appearance of a resolution that 1s higher than the actual mesh
resolution by using the disclosed gutter space improvement
for texture atlases.

FIGS. 3A-3D illustrate various aspects of a rendering
operation using a texture atlas. FIG. 3A 1s a duplicate of FIG.
2A for the reader’s convenience. FIG. 3B shows the texture
atlas 300 used in the rendering of object 102. A UV space
302 corresponds to cone 202a; a UV space 304 corresponds
to cylinder 204a; and a UV space 304 corresponds to
circular disk base 206a. During a rendering operation, a
three dimensional (3D) mesh of polygons, which may or
may not be comprised of triangles, 1s eflectively projected
onto two-dimensional (2D) UV spaces to create a mapping.
The pixels corresponding to the 3D rendering are then pulled
from the texels of the UV spaces to populate the pixels 1n the
3D rendering. For cylinder 204a, for example, UV space 304
1s ellectively wrapped around a cylindrical shape. For cone
202a, for example, UV space 302 is stretched downward
from “above” the conical shape, with the vertex of cone
202a mapping to the center of UV space 302. In texture atlas
300, the gutter space 308 1s shown as white, although
different colors, and even some textures, may be used for
gutter spaces.

FIG. 3C illustrates one such projection of a mesh with
diamond-shaped polygons onto the UV spaces, creating
mesh projections 312, 314, and 316. FIG. 3D illustrates the
cllect of using a lower resolution mesh, comprised of
triangles. As can be seen 1 FIG. 3D, a vertex 330 of a mesh
projection 322 (comprised of two triangles, as described
above for FIGS. 2B, 2C, and 2D) extends beyond the
boundary of UV space 302. Also, as can be seen 1n FIG. 3D,
mesh projections 324 and 326 have lower resolutions than
mesh projections 314 and 316. This results in regions in
which part of some polygons include gutter space, as
explained 1n more detail in FIGS. 4A-6A.

FIGS. 4A-4B 1llustrate aspects of a rendering operation
using a texture atlas and edge padding 1n the gutter space.
FIG. 4A shows the texels 1n mesh projections 322, 324 and
326, while FI1G. 4B 1s a duplicate of FIG. 2B for the reader’s
convenience. As can be seen 1n FIG. 4A, a region 4125, that
1s within the area defined by mesh projection 322, lies
outside of UV space 302, due to the position of vertex 330.
By default, region 4125 1s filled with pixels from the gutter
space (described earlier as being white). This position maps
to indicated region 21256. A better rendering would map the
texels of an unused section 4124 to indicated region 2125,
but because the mesh does not map to section 412a, the
rendering engine does not use texels from there.

Also, shown are regions 4145 and 4165 where a triangle
of mesh projection 326 has spanned across a concave
boundary section of the UV space 306 (see FIG. 3B). The
pixels 1n these regions also map to white gutter space, and
result 1n the white spaces of indicated regions 2145 and
216b. These white spaces could have been avoided, if the
rendering engine had known to use texels from unmapped
portion 414a and 416a.

FIGS. 5A-5B illustrate aspects of a rendering operation
using a texture atlas and a first form edge padding in the
gutter space. FIG. 5A shows the texels 1n mesh projections
322, 324 and 326, while FIG. 5B 1s a duplicate of FIG. 2C
for the reader’s convenience. The edge padding indicated 1n
FIGS. SA-5B extends the texels from the interior of a UV

space past the original borders of the UV space. For,

10

15

20

25

30

35

40

45

50

55

60

65

6

example, as can be seen 1n FIG. SA, the entirety of a region
512¢ that extends at least to include the entirety of mesh
projection 322, and then some margin beyond that, 1s
populated by copying the interior texels. This scheme 1s also
used for regions 514¢ and 516¢. These padded regions are
then mapped to the corresponding indicated regions 212c,
214c, and 216c¢.

FIGS. 6A-6B 1illustrate aspects of a rendering operation
using a gutter space improvement for texture atlases. FIG.
6 A shows the texels 1n mesh projections 322, 324 and 326,
while FIG. 6B 1s a duplicate of FIG. 2D for the reader’s
convenience. The edge padding indicated in FIGS. 6 A-6B
uses the texels from UV space 304 (see FIG. 3B) 1n padded
regions 612d, 6144, and 6164, rather than merely extending
the interior UV space texels. As a result, the corresponding
indicated regions 2124, 214d, and 216d appear more natural,
with less manifestation of artifacts from the decrease in
resolution.

FIGS. 7A-7B illustrate aspects of a rendering operation
under extended operating conditions. FIG. 7A illustrates a
scene 700 that includes a brick-textured rectangle 702,
covered by a roof tile-textured region 704, and two simple
representations of trees, 706a and 70656. FIG. 7B shows the
corresponding texture atlas 710, comprising UV spaces 712,
714, and 716. As can be seen 1 FIG. 7B, UV space 712
provides the brick texturing for rectangle 702; UV space 714
provides the roof tile texturing for region 704; and UV space
716 provides the leaf texturing for both of trees 706a and
7060.

In the event that scene 700 1s to be rendered with lower
resolution, such that edge padding 1s needed, 1t can be seen
that UV space 716 1s adjacent, in diflerent uses, with either
UV space 714 or UV space 716. Thus, 1n some exemplary
implementations, the edge padding may optionally be
dynamic, and tailored to a specific mesh projection. For
example, when rendering a reduced resolution version of
tree 706a, UV space 716 may be temporarily padded with
texels from UV space 712, and then when rendering a
reduced resolution version of tree 7065, the padding of UV
space 716 may be replaced with padding using texels from
UV space 714. This 1s a contrast with static padding that
pads a texture atlas only a single time, and then remains
fixed for all subsequent uses. In other exemplary static
implementations, a unique instance of a UV shell may be
created for each different padding set needed. For example,
when rendering a reduced resolution version of trees 706a
and 70656, UV space 716 may be duplicated, with one copy
of UV space 716 padded with texels from UV space 712 (for
rendering tree 706a), and the other copy of UV space 716
padded with texels from UV space 714 (for rendering tree
706b).

FIGS. 8A-8C 1illustrate a set of adjoiming regions 1 2D.
FIG. 8A shows a 2D geometry 800 having two parts,
pentagon 802 and adjoining section 804. In 2D, whenever
two regions abut continuously (e.g., no gaps in the border),
if one shape 1s convex, the other must be concave (and vice
versa). F1G. 8B shows parts 802 and 804 with low resolution
mesh projections 812 and 814, respectively, that are com-
prised of two triangles each. As a result of the low resolu-
tion, a convex portion of pentagon 802 i1s not mapped, and
a concave region 816 of adjoining section 804 1s lost when
spanned by mesh projections 812 and 814. By padding
concave region 816 of adjoining section 804 with texels
from pentagon 802, the rendering of geometry 800 appears
to a viewer with the appearance of a resolution that 1s higher
than the actual mesh resolution. This padding 1s illustrated as

padding region 818 1n FIG. 8C.
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FIGS. 9A-9B 1illustrate a set of adjoining regions in 3D.
FIG. 9A 1illustrates a 3D geometry 900, and FIG. 9B shows
two textured surfaces 902 and 904 of geometry 900. Unlike
in 2D, when a concave surface must abut a convex surface
(when the border 1s continuous), 1n 3D 1t 1s possible for two
concave surfaces to abut with a continuous border. FIG. 9C
illustrates mesh projections 912 and 914 on two textured
surfaces 902 and 904, respectively. Because of the concave
shapes, there are two gaps 922 and 924 adjacent to where
two textured surfaces 902 and 904 meet when rendered in
3D. Padding gap 922 with texels from textured surface 904,
while simultaneously padding gap 924 with texels from
textured surface 902 would result in an odd-looking arrange-
ment. This 1s because at the lower mesh resolution, geometry
900 will lose the detail of its concavities, and be rendered as
a straight-edge cube.

A suggested padding solution of the disclosure attempts to
mimmize the eflect of the loss 1 resolution. The example
solutions include: (1) padding both gaps 922 and 924 with
texels from textured surface 904, which preserves the
appearance ol textured surface 902 being concave; (2)
padding both gaps 922 and 924 with texels from textured
surface 902, which preserves the appearance of textured
surtace 904 being concave; and (3) padding each of gaps 922
and 924 with texels from their own textured surfaces, 902
and 904 respectively, which results 1n a clean, straight-edge
cube. Therefore, when a first UV shell 1s padded with the
texels of a second UV shell (the adjacent UV shell, as
defined by the 3D mesh), the second UV shell might not be
padded (where the UV shells would meet in the rendering)
with the texels of the first UV shell. Instead, the second UV
shell may be padded, 11 at all, with 1ts own 1nterior texels.

FIG. 10A 1s a flow chart 1001 1llustrating an exemplary
operation of rendering a surface 1n a synthetic scene using a
texture atlas. The operations 1llustrated in FIG. 10A may be
performed by any processing unit, such as a computing
node. A texture atlas comprising a first UV shell, a second
UV shell, and gutter space 1s received 1003. A mesh com-
prising a plurality of polygons 1s recerved 10035. Operation
1007 determines whether a projection of a first polygon of
the mesh onto the texture atlas, that includes a portion of the
first UV shell, also includes a first portion of gutter space.
Based at least on determining that the projection of the first
polygon includes the first portion of gutter space, the first
portion of gutter space 1s padded 1009 with texels from the
second UV shell.

FIG. 10B 1s a flow chart 1000 1llustrating an exemplary
operation of rendering a surface 1n a synthetic scene using a
texture atlas. The operations 1llustrated in FIG. 10B may be
performed by any processing unit, such as a computing
node. A texture atlas 1s created 1002 and received 1004 by
the computing node. The texture atlas contains a plurality of
UV shells, and gutter space. Operation 1006 ensures room
for padding, such as by shifting the UV shells apart to ensure
a mimimum gutter space width of at least Vsath of the UV
shell dimensions. Decision operation 1008 reflects the pos-
sibility of using these operations for a one-time padding,
such as when making a mipmap of a single object having
multiple textured surfaces, or whether the padding 1s specific
to a mesh, and tailored for specific polygons. The one-time
padding uses operations 1030-1040, as described herein.

If tailoring the padding to a mesh, a mesh (or a region of
a mesh, less than 1ts entirety) i1s received 1010. The mesh
comprises a plurality of polygons such as triangles or
another type of polygon. The polygons each have multiple
vertices. Adjoining polygons share at least one vertex,
neighboring polygons share two vertices and the edge
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between. The need for padding i1s determined in operation
1012. This includes determining a projection of a first
polygon of the mesh onto the texture atlas, that includes a
portion of a first UV shell, and also includes a first portion
of gutter space. The projection 1s the projection of the 3D
polygon 1n the mesh onto the 3D texture atlas, using the UV
coordinates 1n the polygon vertices. One example way 1s to
determine whether a vertex of the (projection of the) first
polygon lies outside the first UV shell. Another example way
1s to determine whether a straight edge of the polygon spans
a concave portion of the boundary of the first UV shell. See
vertex 330 of mesh projection 322 1n FIG. 3D, and a vertex
330 of a mesh projection 322, and concave region 816 1n
FIG. 8B. If no padding 1s needed, operation 1014 1iterates a
search of the remaining polygons in the received mesh, and
moves to operation 1026 when finished.

If padding 1s needed, then the neighboring polygon 1s
found in operation 1016, using the shared vertices. This
enables locating the neighboring UV shell by determining
whether a projection of the neighboring polygon (e.g., a
second polygon that 1s adjacent 1n the mesh to the first
polygon) onto the texture atlas includes a portion of the
second UV shell. At this point, based at least on determining,
that the projection of the first polygon includes gutter space
and 1dentifying the neighboring shell, operation 1018 pads
the first portion of gutter space with texels from the second
UV shell. Several embodiments exist for determining the
extent of the padding. The first polygon may be used as a
measure, with the padding extending all the way out to the
most distant end of the polygon (e.g., at an outside vertex),
or the padding dimensions may be a fraction of the UV shell
dimension, as described previously. Additionally, a fixed
minimum padding width may be used, either with the
fractional dimension (as a mimmum), or alone. Also, pad-
ding may be stretched out halt way through the gutter space,
to the UV shell that 1s adjacent in the atlas. This half-way
point permits the adjacent UV shell to have its own padding
of equal width.

Decision operation 1020 determines whether the second
polygon (e.g., the neighbor of the first polygon) also indi-
cates a need for padding. This can be accomplished by
determining whether the projection of the second polygon
onto the texture atlas also includes a portion of gutter space
(a second portion of gutter space, diflerent that the first
portion of gutter space included within the first polygon).
One case 1s that 1t does not, and operation 1014 continues
searching the remaining polygons. If, however, padding 1s
needed, the second UV shell may be padded with its own
texels (e.g., the second UV shell 1s padded with texels from
the second UV shell).

Operation 1024 determines whether it may be preferable
to swap which of the first UV shell and second UV shell 1s
padded with the neighboring texels, and which 1s padded
with 1ts own. The concavity and convexity of the UV shell
boundaries at the border of the first and second polygons
may be used as a determining factor, for example, the
convex side 1s padded with 1ts own texels, or instead the
concave side 1s padded with i1ts own texels. The surface, such
as of an enftire synthetic scene or just a single object or
portion 1s rendered 1n operation 1036, and the next incoming
mesh or region 1s addressed by iteration with operation
1028. If the 1teration 1s ongoing, operation 1010 repeats.

It 1s possible, that while iterating through operations 1010
through 1028, the first UV shell may be revisited with
another polygon from another mesh region. This can occur
if a single UV shell 1s used for multiple differently-located
surfaces within a scene or a multi-faceted object. In such a
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situation, the region used for initially padding the first UV
shell (e.g., based upon the first polygon), using an initial set

ol neighboring texels (e.g., based on the second polygon),
may be over-written with subsequent padding (based on a
third polygon that includes the first UV shell and gutter
space) using a new set of neighboring texels (e.g., based on
a fourth polygon that 1s a neighbor of the third polygon in the
mesh).

Now, turning to the one-time padding operations, the
regions needing padding are determined 1n operation 1030.
This may be accomplished by 1dentifying convex or concave
surfaces. Neighbors are determined 1n operation 1032, pos-
sibly using connectivity information in the high resolution
mesh. Operation 1034 selects which of the UV shell bound-
aries are to be padded with neighboring texels. In some
embodiments, these are the concave boundaries, whereas 1n
other embodiments, these are the convex boundaries. Other
decision criteria, such as based on viewer feedback of a
preferable scheme, may be used. The padding is carried out
in operation 1036, using some of the width criteria described
for operation 1018. The opposing side of the borders are
padded with their own texels, 11 any padding 1s needed, in
operation 1038. The texture atlas 1s ready for use to render
surfaces in operation 1040.

Additional Examples

Some examples are directed to a system for rendering a
surface 1n a synthetic scene, that comprises: a processor; and
a computer-readable medium storing instructions that are
operative when executed by the processor to: receive a
texture atlas mto the medium, the texture atlas comprising a
first UV shell, a second UV shell, and gutter space; receive
a mesh 1nto the medium, the mesh comprising a plurality of
polygons; determine whether a projection of a first polygon
of the mesh onto the texture atlas, that includes a portion of
the first UV shell, also includes a first portion of gutter
space; and responsive to determining that the projection of
the first polygon includes the first portion of gutter space,
pad the first portion of gutter space with texels from the
second UV shell.

Some examples are directed to a method for rendering a
surface 1n a synthetic scene comprises: receiving a texture
atlas 1into the medium, the texture atlas comprising a first UV
shell, a second UV shell, and gutter space; recerving a mesh
into the medium, the mesh comprising a plurality of poly-
gons; determining whether a projection of a first polygon of
the mesh onto the texture atlas, that includes a portion of the
first UV shell, also includes a first portion of gutter space;
and based at least on determining that the projection of the
first polygon includes the first portion of gutter space,
padding the first portion of gutter space with texels from the
second UV shell.

Some examples are directed to one or more computer
storage devices having computer-executable instructions
stored thereon for rendering a surface in a synthetic scene,
which, on execution by a computer, cause the computer to
perform operations comprising: receiving a texture atlas into
the medium, the texture atlas comprising a first UV shell, a
second UV shell, and gutter space; recerving a mesh into the
medium, the mesh comprising a plurality of polygons;
determining whether a projection of a first polygon of the
mesh onto the texture atlas, that includes a portion of the first
UV shell, also includes a first portion of gutter space;
responsive to determining that the projection of the first
polygon includes the first portion of gutter space, determin-
ing whether a projection of a second polygon of the mesh
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onto the texture atlas, the second polygon being adjacent 1n
the mesh to the first polygon, includes a portion of the
second UV shell; and based at least on determining that the
projection of the second polygon includes a portion of the
second UV shell, padding the first portion of gutter spac
with texels from the second UV shell.

Alternatively or 1n addition to the other examples
described herein, some examples imnclude any combination
of the following: the plurality of polygons comprises a
plurality of triangles; determiming whether a polygon pro-
jected onto the first UV shell includes gutter space comprises
determining whether a vertex of the polygon lies outside the
first UV shell; determining whether a projection of a second
polygon of the mesh onto the texture atlas, the second
polygon being adjacent in the mesh to the first polygon,
includes a portion of the second UV shell; determining
whether the projection of the second polygon onto the
texture atlas also includes a second portion of gutter space;
and responsive to determining that the projection of the
second polygon includes the second portion of gutter space,
padding the second portion of gutter space with texels from
the second UV shell; the padding extends to {ill the projec-
tion of the first polygon onto the texture atlas; the padding
extends outward from a boundary of the first UV shell, based
on a dimension of the UV shell; after padding the first
portion of gutter space with texels from the second UV shell,
determining whether a projection of a third polygon of the
mesh onto the texture atlas, that includes a portion of the first
UV shell, also includes a third portion of gutter space;
responsive to determining that the projection of the third
polygon includes the third portion of gutter space, deter-
mining whether the projection of a fourth polygon of the
mesh onto the texture atlas, the fourth polygon being adja-
cent 1n the mesh to the third polygon, includes a portion of
a third UV shell of the texture atlas; and responsive to
determining that the projection of the third polygon includes
the third UV shell, padding the third portion of gutter space
with texels from the third UV shell; and the third portion of
gutter space overlaps the first portion of gutter space.

While the aspects of the disclosure have been described 1n
terms of various examples with their associated operations,
a person skilled i the art would appreciate that a combi-
nation of operations from any number of different examples
1s also within scope of the aspects of the disclosure.
Example Operating Environment

FIG. 11 1s a block diagram of an example computing
device 1100 for implementing aspects disclosed herein, and
1s designated generally as computing device 1100. Comput-
ing device 1100 1s one example of a suitable computing
environment and 1s not intended to suggest any limitation as
to the scope of use or functionality of the invention. Neither
should the computing device 1100 be interpreted as having
any dependency or requirement relating to any one or
combination of components/modules 1llustrated.

The examples and embodiments disclosed herein may be
described in the general context of computer code or
machine-useable instructions, including computer-execut-
able 1nstructions such as program components, being
executed by a computer or other machine, such as a personal
data assistant or other handheld device. Generally, program
components including routines, programs, objects, compo-
nents, data structures, and the like, refer to code that
performs particular tasks, or implement particular abstract
data types. The disclosed examples may be practiced 1n a
variety of system configurations, including personal com-
puters, laptops, smart phones, mobile tablets, hand-held
devices, consumer electronics, specialty computing devices,
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etc. The disclosed examples may also be practiced in dis-
tributed computing environments, where tasks are per-
formed by remote-processing devices that are linked through
a communications network. For example, a distributed com-
puting environment may host cloud synthetics services.
Some embodiments of synthetics services may provide
synthetic 3D environments as well as rendering a surface 1n
a synthetic scene.

Computing device 1100 includes a bus 1110 that directly
or indirectly couples the following devices: memory 1112,
one or more processors 1114, one or more presentation
components 1116, mput/output (I/0) ports 1118, I/O com-
ponents 1120, a power supply 1122, and a network compo-
nent 1124. Computing device 1100 should not be interpreted
as having any dependency or requirement related to any
single component or combination of components illustrated
therein. While computing device 1100 1s depicted as a
seemingly single device, multiple computing devices 1100
may work together and share the depicted device resources.
For mstance, memory 1112 may be distributed across mul-
tiple devices, processor(s) 1114 may provide housed on
different devices, and so on.

Bus 1110 represents what may be one or more busses
(such as an address bus, data bus, or a combination thereot).
Although the various blocks of FIG. 11 are shown with lines
for the sake of clarity, in reality, delineating various com-
ponents 1s not so clear, and metaphorically, the lines would
more accurately be grey and fuzzy. For example, one may
consider a presentation component such as a display device
to be an I/O component. Also, processors have memory.
Such 1s the nature of the art, and the diagram of FIG. 11 1s
merely 1llustrative of an exemplary computing device that
can be used 1n connection with one or more embodiments of
the present mvention. Distinction 1s not made between such
categories as “workstation,” “server,” “laptop,” “hand-held
device,” etc., as all are contemplated within the scope of
FIG. 11 and the references herein to a “computing device.”

Memory 1112 may include any of the computer-readable
media discussed herein. Memory 1112 may be used to store
and access instructions configured to carry out the various
operations disclosed herein. In some examples, memory
1112 includes computer storage media in the form of volatile
and/or nonvolatile memory, removable or non-removable
memory, data disks 1n virtual environments, or a combina-
tion thereof.

Processor(s) 1114 may include any quantity of processing
units that read data from various entities, such as memory
1112 or I/O components 1120. Specifically, processor(s)
1114 are programmed to execute computer-executable
instructions for implementing aspects of the disclosure. The
instructions may be performed by the processor, by multiple
processors within the computing device 1100, or by a
processor external to the client computing device 1100. In
some examples, the processor(s) 1114 are programmed to
execute instructions such as those illustrated 1n the tlow-
charts discussed below and depicted 1n the accompanying
drawings. Moreover, 1n some examples, the processor(s)
1114 represent an implementation of analog techniques to
perform the operations described herein. For example, the
operations may be performed by an analog client computing
device 1100 and/or a digital client computing device 1100.

Presentation component(s) 1116 present data indications
to a user or other device. Exemplary presentation compo-
nents include a display device, speaker, printing component,
vibrating component, etc. One skilled 1n the art will under-
stand and appreciate that computer data may be presented 1n
a number of ways, such as visually 1n a graphical user
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interface (GUI), audibly through speakers, wirelessly
between computing devices 1100, across a wired connec-
tion, or 1n other ways.

Ports 1118 allow computing device 1100 to be logically
coupled to other devices including I/O components 1120,
some of which may be built 1n. Examples I/O components
1120 include, for example but without limitation, a micro-
phone, keyboard, mouse, joystick, game pad, satellite dish,
scanner, printer, wireless device, efc.

In some examples, the network component 1124 includes
a network interface card and/or computer-executable
istructions (e.g., a driver) for operating the network inter-
face card. Communication between the computing device
1100 and other devices may occur using any protocol or
mechanism over any wired or wireless connection. In some
examples, the network component 1124 1s operable to com-
municate data over public, private, or hybrid (public and
private) using a transier protocol, between devices wire-
lessly using short range communication technologies (e.g.,
near-field communication (NFC), BLUETOOTH® branded
communications, or the like), or a combination thereof.

Although described 1n connection with an example com-
puting device 1100, examples of the disclosure are capable
of implementation with numerous other general-purpose or
special-purpose computing system environments, configu-
rations, or devices. Examples of well-known computing
systems, environments, and/or configurations that may be
suitable for use with aspects of the disclosure include, but
are not limited to, smart phones, mobile tablets, mobile
computing devices, personal computers, server computers,
hand-held or laptop devices, multiprocessor systems, gam-
ing consoles, microprocessor-based systems, set top boxes,
programmable consumer electronics, mobile telephones,
mobile computing and/or communication devices 1n wear-
able or accessory form factors (e.g., watches, glasses, head-
sets, or earphones), network PCs, minicomputers, main-
frame computers, distributed computing environments that
include any of the above systems or devices, virtual reality
(VR) devices, holographic device, and the like. Such sys-
tems or devices may accept mput from the user 1n any way,
including from mput devices such as a keyboard or pointing
device, via gesture mput, proximity input (such as by
hovering), and/or via voice input.

Examples of the disclosure may be described in the
general context of computer-executable istructions, such as
program modules, executed by one or more computers or
other devices 1n software, firmware, hardware, or a combi-
nation thereof. The computer-executable instructions may
be organized into one or more computer-executable com-
ponents or modules. Generally, program modules include,
but are not limited to, routines, programs, objects, compo-
nents, and data structures that perform particular tasks or
implement particular abstract data types. Aspects of the
disclosure may be implemented with any number and orga-
nization of such components or modules. For example,
aspects of the disclosure are not limited to the specific
computer-executable mnstructions or the specific components
or modules 1llustrated 1n the figures and described herein.
Other examples of the disclosure may include different
computer-executable 1nstructions or components having
more or less functionality than illustrated and described
herein. In examples mvolving a general-purpose computer,
aspects of the disclosure transform the general-purpose
computer into a special-purpose computing device when
configured to execute the instructions described herein.

By way of example and not limitation, computer readable
media comprise computer storage media and communica-




US 10,839,590 B2

13

tion media. Computer storage media include volatile and
nonvolatile, removable and non-removable memory 1mple-
mented 1 any method or technology for storage of infor-
mation such as computer readable instructions, data struc-
tures, program modules, or the like. Computer storage media
are tangible and mutually exclusive to communication
media. Computer storage media are implemented in hard-
ware and exclude carrier waves and propagated signals.
Computer storage media for purposes of this disclosure are
not signals per se. Exemplary computer storage media
include hard disks, flash drives, solid-state memory, phase
change random-access memory (PRAM), static random-
access memory (SRAM), dynamic random-access memory
(DRAM), other types of random-access memory (RAM),
read-only memory (ROM), electrically erasable program-
mable read-only memory (EEPROM), flash memory or
other memory technology, compact disk read-only memory
(CD-ROM), digital versatile disks (DVD) or other optical
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other
non-transmission medium that can be used to store infor-
mation for access by a computing device. In contrast,
communication media typically embody computer readable
instructions, data structures, program modules, or the like 1n
a modulated data signal such as a carrier wave or other
transport mechanism and include any information delivery
media.

The embodiments 1llustrated and described herein as well
as embodiments not specifically described herein but within
the scope of aspects of the claims constitute exemplary
means for receiving a texture atlas into the medium, the
texture atlas comprising a first UV shell, a second UV shell,
and gutter space; exemplary means for receiving a mesh into
the medium, the mesh comprising a plurality of polygons;
exemplary means for determining whether a projection of a
first polygon of the mesh onto the texture atlas, that includes
a portion of the first UV shell, also includes a first portion of
gutter space; and exemplary means for, based at least on
determining that the projection of the first polygon includes
the first portion of gutter space, padding the first portion of
gutter space with texels from the second UV shell.

The order of execution or performance of the operations
in examples of the disclosure illustrated and described
herein 1s not essential, and may be performed in different
sequential manners 1n various examples. For example, it 1s
contemplated that executing or performing a particular
operation before, contemporancously with, or after another
operation 1s within the scope of aspects of the disclosure.

When introducing elements of aspects of the disclosure or
the examples thereot, the articles “a,” “an,” “the,” and “said”
are intended to mean that there are one or more of the
clements. The terms “comprising,” “including,” and “hav-
ing”” are intended to be inclusive and mean that there may be
additional elements other than the listed elements. The term
“exemplary” 1s mtended to mean “an example of” The
phrase “one or more of the following: A, B, and C” means
“at least one of A and/or at least one of B and/or at least one
of C.”

Having described aspects of the disclosure in detail, 1t waill
be apparent that modifications and variations are possible
without departing from the scope of aspects of the disclosure
as defined 1n the appended claims. As various changes could
be made 1n the above constructions, products, and methods
without departing from the scope of aspects of the disclo-
sure, 1t 1s 1intended that all matter contained in the above
description and shown 1n the accompanying drawings shall
be mterpreted as illustrative and not 1n a limiting sense.
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What 1s claimed 1s:
1. A system for rendering a surface in a synthetic scene,
the system comprising:
a processor; and
a computer-readable medium storing instructions that are
operative when executed by the processor to:
receive a texture atlas comprising a first UV shell, a
second UV shell, and gutter space;
receive a mesh comprising a plurality of polygons;
determine whether a projection of a first polygon of the
mesh onto the texture atlas, that includes a portion of
the first UV shell, also includes a first portion of
gutter space;
based at least on determining that the projection of the
first polygon includes the first portion of gutter
space, determine a need to pad the first portion of the
gutter space;
based on at least on determining the need to pad the first
portion of the gutter space, identily a second UV
shell as a neighboring UV shell; and
pad the first portion of gutter space with texels from the
second UV shell.
2. The system of claim 1 wherein the plurality of polygons
comprises a plurality of triangles.
3. The system of claim 1 wherein the instructions are
turther operative to:
determine whether a projection of a second polygon of the
mesh onto the texture atlas, the second polygon being
adjacent in the mesh to the first polygon, includes a
portion of the second UV shell.
4. The system of claim 3 wherein the instructions are
further operative to:
determine whether the projection of the second polygon
onto the texture atlas also includes a second portion of
gutter space; and
responsive to determining that the projection of the sec-
ond polygon includes the second portion of gutter
space, pad the second portion of gutter space with
texels from the second UV shell.
5. The system of claim 1 wherein the pad extends to fill
the projection of the first polygon onto the texture atlas.
6. The system of claim 1 wherein the mstructions are
turther operative to:
alter padding the first portion of gutter space with texels
from the second UV shell, determine whether a pro-
jection of a third polygon of the mesh onto the texture
atlas, that includes a portion of the first UV shell, also
includes a third portion of gutter space; and
based at least on determining that the projection of the
third polygon includes the third portion of gutter space,
padding the third portion of gutter space with texels
from a third UV shell of the texture atlas.
7. The system of claam 6 wherein the third portion of
gutter space overlaps the first portion of gutter space.
8. A method for rendering a surface in a synthetic scene,
the method comprising:
receiving a texture atlas comprising a first UV shell, a
second UV shell, and gutter space;
recerving a mesh comprising a plurality of polygons;
determining whether a projection of a first polygon of the
mesh onto the texture atlas, that includes a portion of
the first UV shell, also includes a first portion of gutter
space; and
based at least on determining that the projection of the
first polygon includes the first portion of gutter space,
determining a need to pad the first portion of the gutter
space;
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based on at least on determining the need to pad the first
portion of the gutter space, identifying a second UV
shell as a neighboring UV shell; and

padding the first portion of gutter space with texels from
the second UV shell.

9. The method of claim 8 further comprising determining,
that a second polygon neighboring the first polygon needs
padding based on determining a projection of the second
polygon onto the texture atlas also includes a portion of
gutter space diflerent that the first portion of gutter space;
and padding the second UV shell with texels from the
second UV shell.

10. The method of claim 8 wherein determining whether
a polygon projected onto the first UV shell includes gutter
space comprises determining whether a vertex of the poly-
gon lies outside the first UV shell.

11. The method of claim 8 further comprising:

determining whether a projection of a second polygon of

the mesh onto the texture atlas, the second polygon
being adjacent 1n the mesh to the first polygon, includes
a portion of the second UV shell.

12. The method of claim 11 further comprising:

determining whether the projection of the second polygon

onto the texture atlas also includes a second portion of
gutter space; and

based at least on determining that the projection of the

second polygon includes the second portion of gutter
space, padding the second portion of gutter space with
texels from the second UV shell.

13. The method of claim 8 wherein the padding extends
to fill the projection of the first polygon onto the texture
atlas.

14. The method of claim 8 wherein the padding extends

outward from a boundary of the first UV shell, based on a
dimension of the first UV shell.
15. The method of claim 8 further comprising;
after padding the first portion of gutter space with texels
from the second UV shell, determining whether a
projection of a third polygon of the mesh onto the
texture atlas, that includes a portion of the first UV
shell, also 1includes a third portion of gutter space;
based at least on determining that the projection of the
third polygon includes the third portion of gutter space,
determining whether the projection of a fourth polygon
of the mesh onto the texture atlas, the fourth polygon
being adjacent in the mesh to the third polygon,
includes a portion of a third UV shell of the texture
atlas; and
based at least on determining that the projection of the
third polygon includes the third UV shell, padding the
third portion of gutter space with texels from the third
UV shell.
16. The method of claim 15 wherein the third portion of
gutter space overlaps the first portion of gutter space.
17. One or more computer storage devices having com-
puter-executable instructions stored thereon for rendering a
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surface 1 a synthetic scene, which, on execution by a
computer, cause the computer to perform operations com-
prising:

recerving a texture atlas comprising a first UV shell, a

second UV shell, and gutter space;

recetving a mesh comprising a plurality of polygons;

determining whether a projection of a first polygon of the

mesh onto the texture atlas, that includes a portion of
the first UV shell, also includes a first portion of gutter
space;
based at least on determining that the projection of the
first polygon includes the first portion of gutter space,
determining whether a projection of a second polygon
of the mesh onto the texture atlas, the second polygon
being adjacent 1n the mesh to the first polygon, includes
a portion of the second UV shell;

based at least on determining that the projection of the
second polygon includes the first portion of the gutter
space, determiming a need to pad the first portion of the
gutter space;

based on at least on determining the need to pad the first

portion of the gutter space, 1dentifying a second UV
shell as a neighboring UV shell; and

padding the first portion of gutter space with texels from

the second UV shell.

18. The one or more computer storage devices of claim 17
wherein the plurality of polygons comprises a plurality of
triangles.

19. The one or more computer storage devices of claim 17
further comprising:

determining whether the projection of the second polygon

onto the texture atlas also includes a second portion of
gutter space; and

based at least on determining that the projection of the

second polygon includes the second portion of gutter
space, padding the second portion of gutter space with
texels from the second UV shell.

20. The one or more computer storage devices of claim 17
further comprising:

alter padding the first portion of gutter space with texels

from the second UV shell, determining whether a
projection of a third polygon of the mesh onto the
texture atlas, that includes a portion of the first UV
shell, also includes a third portion of gutter space,
wherein the third portion of gutter space overlaps the
first portion of gutter space;

based at least on determining that the projection of the

third polygon includes the third portion of gutter space,
determining whether the projection of a fourth polygon
of the mesh onto the texture atlas, the fourth polygon
being adjacent in the mesh to the third polygon,
includes a portion of a third UV shell of the texture
atlas; and

based at least on determining that the projection of the

third polygon includes a portion of the third UV shell,
padding the third portion of gutter space with texels

from the third UV shell.
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